Introduction. Hysterectomy is a common gynecological procedure, particularly in middle and high income countries. The aim of this paper was to describe and examine hysterectomy trends in Australia from 2000-2001 to 2013-2014. Material and methods. For women aged 25 years and over, data on the number of hysterectomies performed in Australia annually were sourced from the National Hospital and Morbidity Database. Age-specific and age-standardized hysterectomy rates per 10 000 women were estimated with adjustment for hysterectomy prevalence in the population. Using joinpoint regression analysis, we estimated the average annual percentage change over the whole study period (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) and the annual percentage change for each identified trend line segment. Results. A total of 431 162 hysterectomy procedures were performed between 2000-2001 and 2013-2014; an annual average of 30 797 procedures (for women aged 25+ years). The age-standardized hysterectomy rate, adjusted for underlying hysterectomy prevalence, decreased significantly over the whole study period [average annual percentage change À2.8%; 95% confidence interval (CI) À3.5%, À2.2%]. The trend was not linear with one joinpoint detected in 2008 -2009 . Between 2000 -2001 -2009 there was a significant decrease in incidence (annual percentage change À4.4%; 95% CI À5.2%, À3.7%); from 2008-2009 to 2013-2014 the decrease was minimal and not significantly different from zero (annual percentage change À0.1%; 95% CI À1.7%, 1.5%). A similar change in trend was seen in all age groups. Conclusions. Hysterectomy rates in Australian women aged 25 years and over have declined in the first decade of the 21st century. However, in the last 5 years, rates appear to have stabilized.
Introduction
Hysterectomy is one of the most common gynecological procedures performed worldwide (1) . Between 20 and 40% of women in high and middle income countries will have had a hysterectomy by the time they are 60 years old (2, 3) . In Australia, which historically has had relatively high hysterectomy rates (4) , an estimated one in three women aged over 45 years has had a hysterectomy (5) .
Key Message
Hysterectomy rates in Australia declined from 2000 to 2009, then stabilized from 2009 to 2014 at an average rate of 47 hysterectomies/10 000 women (25+ years). The ongoing monitoring of hysterectomy trends remains important to detect changes that might be occurring.
Although documented since ancient times, the rise in the number of hysterectomies did not occur until the mid-20th century, when improved safety and reduced mortality saw hysterectomies begin to be performed not just to save lives but to improve quality of life, treating benign indications such as uterine fibroids and dysfunctional uterine bleeding (6) . In more economically developed countries, hysterectomy rates peaked in the 1970s and 1980s; however, rates declined throughout the latter three decades of the 20th century and into the early years of the 21st century (1) with the development of alternative, less invasive procedures such as endometrial ablation and uterine artery embolization and non-surgical management (through hormone therapy and other pharmacological interventions) for a number of benign indications for hysterectomy.
It has been 10 years since hysterectomy trends in Australia have been analyzed at the national level. The most recent study showed a 10% decline in hysterectomy rates for benign indications between 2000-2001 and 2004-2005 (4) . A study of hysterectomy trends in the Australian state of New South Wales found a 45% decline in the age-standardized hysterectomy rate between 1981 and 2012 (7) . Rates have also declined in the USA (8) , the UK (9) and the Netherlands (10) but have remained relatively stable in the Scandinavian countries (where rates have always been relatively low) (11) . The aim of this paper is to provide an update on hysterectomy trends in Australia from 2000-2001 through 2013-2014 and to assess whether there have been continued changes in hysterectomy rates over this time period and whether these changes have been consistent. Table 1 .
Material and methods

Data
In a supplementary analysis, we sourced data on the number of hysterectomies for non-malignant conditions (for the same age groups noted above) from the AIHW Australian Refined Diagnosis Related Groups (AR-DRG) data cubes (13) . The following codes from the AR-DRG Versions 4.0-7.0 were used in the analysis: N04Z (hysterectomy for non-malignancy), N04A (hysterectomy for non-malignancy with catastrophic or severe complication and/or comorbidity) and N04B (hysterectomy for nonmalignancy without catastrophic or severe complication and/or comorbidity).
Both Procedures and AR-DRG data cubes source data from the National Hospital Morbidity Database. Between 2008 Between -2009 Between and 2013 Between -2014 , the coverage of the Database is essentially complete, including all separations in public and private hospitals in Australia. For the years 2000-2001 to 2007-2008, the database includes data from the vast majority of public and private hospitals; however, a number of small public hospitals and some private day facility hospitals did not contribute information (14) .
Estimated resident female population, as at 30 June each year (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , came from the Australian Bureau of Statistics for use in the population denominators (15, 16) . To adjust the denominators to include only women with an intact uterus, we applied the hysterectomy fractions used by the AIHW to adjust cervical cancer screening rates (17) . Table S1 ) (17) . Hysterectomy fractions for the 65-69 year age group were applied to 65-74 and 75+ year age groups.
We restricted all of our statistical analyses to women aged 25 years and over, as less than 0.2% of hysterectomies were performed in women under 25 years of age. The age-specific percent of women who underwent a hysterectomy was calculated for each year 2000-2001 to 2013-2014 to assess whether there were any changes in the age-distribution of hysterectomies over time. We also calculated the percentage of hysterectomies where one or both ovaries were also removed (salpingo-oophorectomy).
We then used the National Cancer Institute's Joinpoint Regression Analysis program (version 4.3.1.0) (18, 19) to examine age-specific and age-standardized (standardized to the Australian 2001 standard population) trends in hysterectomy incidence and to assess whether there were any statistically significant changes in trend during the study period (the point at which such a change in trend occurs is referred to as a joinpoint). We also examined age-standardized trends in incidence for hysterectomy type (abdominal, vaginal and laparoscopically assisted vaginal hysterectomies separately for the whole time [2013] [2014] . We used a log-linear model and tested a minimum of none and a maximum of two joinpoints (to enable at least four data points between consecutive joinpoints) (20) . Final models were selected using permutation tests with Bonferroni correction for multiple testing (significance level = 0.05). Annual percentage changes (APC), with 95% confidence intervals (CIs), were computed for each trend line segment. Average annual percentage changes (AAPC) were also calculated for the whole time period (2000-2001 to 2013-2014) using the average of the APCs from the joinpoint model, weighted according to the length of the APC interval (19) . In a sensitivity analysis we performed the joinpoint regressions using population denominators that were not adjusted for the underlying hysterectomy prevalence.
Ethical approval
Ethics approval for this study was not required. All data were publicly available. Prior to being made available, data was aggregated to ensure de-identification and confidentiality. The age-standardized hysterectomy rate declined significantly across the whole study period 2000-2001 to 2013-2014 (AAPC À2.8%; 95% CI À3.5%, À2.2%) ( Figure 2 ). For all age groups, there was a significant decline in hysterectomy rates over the whole study period ( Table 2 ). The largest declines were seen in the younger age groups; (95% CI À4.8%, 2.4%) and was no longer significantly different from zero (Table 2; Figure 2 ). For all of the remaining age groups, one joinpoint was identified with significant declines early in the study period, followed by a change in trend where the APC was no longer statistically different from zero (Table 2; Figure 2 Figure 2 ). In our sensitivity analyses, where denominators were not adjusted for hysterectomy prevalence, rates were lower; however, overall AAPCs and the joinpoint regression results were similar (see Table S2 ).
Results
In the analysis by type of hysterectomy, the age-standardized abdominal and vaginal hysterectomy rates declined significantly across the whole study period (Table 3, Figure 3 Figure 3 ).
In the supplementary analysis looking only at trends in women who had a hysterectomy for non-malignant conditions, for most age groups the trends were similar to those for all hysterectomies. The exception was women aged 25-34 years where the APC was significant for each joinpoint segment (À6. (Table S3) .
Discussion
Over the past 14 years (2000-2001 to 2013-2014) there has been a significant decline in the hysterectomy rate in Australian women aged 25 years and over. This decrease occurred in all age groups; however, these trends have Population denominators used to calculate hysterectomy rates were adjusted to include only women with an intact cervix, using age-specific hysterectomy fractions (see Table S1 ). One of the strengths of this study is the completeness of the National Hospital Morbidity Database, with data obtained from nearly all private and public hospitals in Australia (14) . In addition, our study included 14 years of data, allowing us to update the most recent published analysis of hysterectomy trends for Australia at the national level with an additional decade of information. A further strength is the recency of the latest available data (2013) (2014) .
This study also has several limitations. Although almost all hospitals are included in the National Hospital Morbidity Database, coverage has varied over time (14) . In addition, definitions and coding of separations may vary from year to year and between the jurisdictions and sectors that supply the data (14) . However, we conducted our analyses at a high level (grouping hysterectomy type into four categories to account for coding changes), so this variability should not impact greatly on the overall hysterectomy trends that we have reported.
Although we were able to adjust our population denominator for the prevalence of hysterectomy in the population, the AIHW only uses two sets of hysterectomy Population denominators used to calculate incidence rates were adjusted to include only women with an intact cervix, using age-specific hysterectomy fractions (see Table S1 ). women with hysterectomies across all age groups. The Australian National Health Survey has not included questions on hysterectomy since the 2004-2005 survey; ideally prevalence data should be obtained at each survey to capture changes in trends and subsequent underlying prevalence of hysterectomy in the general population. Similar to our study, a study of hysterectomy rates among commercially insured women in the USA (21) found an overall decline in hysterectomy rates over the same time period. These declines were also seen in studies covering earlier, but overlapping time periods in Australia (4, 7, 22) , and the USA (23), where incidence of hysterectomy is quite high; but not in lower incidence countries such as Denmark, where rates have been relatively stable (11) . While overall hysterectomy rates declined, we did find that rates for less invasive (laparoscopic) techniques increased, particularly in the latter part of the study period. These results are congruent with trends in other countries (24, 25) .
The reasons for the overall decline in rates is likely to be due predominantly to the development of alternative, less invasive procedures and pharmacological treatments for uterine fibroids and dysfunctional uterine bleeding (the more common benign indications for hysterectomy). Women of child-bearing age, in particular, may choose less invasive options in preference to hysterectomy to preserve fertility. This possibility was evidenced by the shift in the distribution of hysterectomies during the study period, with a decline in the proportion in the 35-44 year age group. The accessibility of alternative treatments (both in terms of cost and availability) may also play a role in declining rates. In particular, the Mirena â levonorgestrel-releasing intrauterine system, a key treatment for menorrhagia, was listed on the Australian Pharmaceutical Benefits Scheme (PBS) in 2001 and can be inserted by a trained general practitioner, making this a widely affordable and accessible option (26) . The spike in the proportion of hysterectomies with removal of adnexa in the last year of the study (2013-2014) was unexpected; however, changes in coding of these procedures in 2008-2009 mean that we do not know whether this higher proportion was related to the removal of fallopian tubes and/or ovaries (and whether one or both were removed). While the shift in hysterectomies to older age groups at the end of the study may have increased the proportion of hysterectomies with removal of adnexa (as post-menopausal women may be more likely to have their ovaries removed), Mikhail and colleagues in the USA (27) found a decline in rates of bilateral salpingo-oophorectomy at the time of hysterectomy between 2001 and 2011, but a significant increase in bilateral salpingectomy between 2008 and 2011. They linked these divergent trends with concerns about the health consequences of bilateral oophorectomy (particularly in premenopausal women) alongside increasing evidence that the fallopian tube is the origin of ovarian cancer (27) . A similar trend may be occurring in Australia; however, the changes in coding preclude any conclusions being drawn and highlight the limitations of using administrative datasets to monitor public health trends.
As far as we know, there have been no other national studies that have used joinpoint regression to assess the patterns of hysterectomy rates over time. We found that in the last 5-9 years (depending on age group) hysterectomy rates in Australian women aged over 25 years have stabilized. The explanation for this is not clear and continued monitoring will be necessary to see whether this trend continues. There are, however, a range of reasons why women continue to have hysterectomies. First, there may be women that try a range of alternative treatments and/or procedures, but when these prove unsuccessful finally opt to have a hysterectomy to resolve the issues (28, 29) . Secondly, it is possible that there are groups of women who have a hysterectomy because they are unable to access alternative treatments due to cost and/ or access issues including the availability of specialist services (30) . Finally, there may always remain a group of women for whom a hysterectomy is a first preference or the only effective treatment for their medical condition.
In conclusion, our study identified that hysterectomy rates in Australian women aged 25 years and over declined from 65. This study highlights the importance of maintaining ongoing monitoring of hysterectomy trends to detect changes that might be occurring, along with the need for further research to identify the underlying causes for any changes in trend that are identified.
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